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IMPLANTABLE MEDICAL DEVICE PACKAGE 
ANTENNA 

FIELD OF THE INVENTION 

0001. The present invention relates generally to medical 
devices and in particular to a wireleSS communication SyS 
tem for use with a medical device that includes an antenna 
Structure adapted for coupling to a medical device antenna 
for use in communication operations performed outside an 
implanted environment. 

BACKGROUND OF THE INVENTION 

0002. In the context of implantable medical devices, it 
has become common to provide a communication link 
between the implanted device and an external programmer 
or monitor in order to allow for transmission of commands 
from the external device to the implanted device and to 
allow for transmission of Stored information and/or Sensed 
physiological parameters from the implanted device to the 
external programmer. Conventionally, communication 
between an implanted device and an external programmer 
has been accomplished by means of a telemetry System 
which includes transceivers located within the implanted 
medical device and in an external programmer or monitor, 
each having a radio transmitter/receiver and one or more 
antennaS. 

0003) The implanted device typically includes an antenna 
located either within the hermetic device housing containing 
the circuitry, as disclosed in U.S. Pat. No. 4,542,532 issued 
to McQuilkin, in a plastic header or connector block used to 
interconnect the device to electrical leads as disclosed in 
U.S. Pat. No. 5,697,958 issued to Paul et al., or mounted to 
the device housing as in U.S. Pat. No. 5,861,019 issued to 
Sun et al., and U.S. Pat. No. 5,720,770 issued to Nappholz 
et al., all incorporated herein in their entireties. In the past, 
the programmer or monitor has been provided with a pro 
gramming head containing an antenna, intended to be placed 
on or near the patient's body in close proximity to the 
implanted device. The programming head may be coupled to 
the external programmer or monitor by means of a cord, as 
disclosed in U.S. Pat. No. 5,766,232 issued to Grevious et al. 
The physician handling the programming head has various 
tasks to perform and positioning of the programming head to 
a particular location and maintaining that position to maxi 
mize received telemetry Signal Strength is a task that Some 
times makes completing the telemetry functions cumber 
Some. In particular, during an implantation procedure when 
the IMD is located within a sterile Surgical field, the task of 
positioning of the programming head over the device with 
out breaching the Sterile field can become awkward. 
0004 Recently, communication systems for implantable 
medical devices have been proposed in which the program 
ming head is done away with. Communication occurs 
directly between the programmer or monitor, which may be 
located Some distance from the patient, and the implanted 
medical device. Such systems are disclosed in U.S. Pat. No. 
5,404,877 issued to Nolan et al., U.S. Pat. No. 5,113.869 
issued to Nappholz, U.S. Pat. No. 6,240,317 issued to 
Villaseca et al., and U.S. Pat. No. 6,482,154 issued to 
Haubrich et al., all of which patents are hereby incorporated 
herein by reference in their entireties. Long-range telemetry 
Systems, which do not require a programming head to be 
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placed over the IMD, Simplify a caregiver's task in pro 
gramming an IMD, particularly in a crowded clinical, oper 
ating room or Sterile environment. 
0005 Medical device telemetry systems are generally 
designed for maximum efficiency under implanted condi 
tions, i.e. the dielectric constant and conductivity of human 
tissue is taken into account when designing the telemetry 
and antenna System. Programming and interrogation opera 
tions, however, are not limited to occurring after device 
implant. During an implant procedure, telemetry communi 
cation may be required for testing procedures or for verify 
ing or customizing initial programmable parameter values 
before the IMD is implanted. The Surgical theater can have 
multiple RF interferences including other monitoring and 
medical equipment and RF barrierS Such as StainleSS Steel 
Surgical carts. These interferences and barriers may make 
long-range telemetry Systems, which have been optimized 
for operation in the implanted environment, less efficient and 
reliable when used prior to IMD implantation. An IMD 
telemetry System is needed, therefore, which takes advan 
tage of the elimination of a programming head but still 
produces consistently reliable and efficient telemetry trans 
missions regardless of the operating environment. 

BRIEF SUMMARY OF THE INVENTION 

0006 The present invention provides a telemetry system 
for an implantable medical device (IMD) that includes a 
package antenna adapted for coupling to the IMD antenna 
when the IMD is outside the implanted environment. The 
package antenna effectively extends the IMD antenna length 
prior to implantation of the IMD, thereby improving the 
efficiency and reliability of a telemetry link between the 
IMD and a programmer or monitor prior to IMD implanta 
tion. The package antenna may be fabricated from any 
conductive material in the form of conductive wire, tape, 
ink, foil, film, adhesive or the like, applied to a portion of an 
IMD packaging assembly or another accessory device or 
Substrate Such as a pouch or overlay. The package antenna 
is Selected to withstand Sterilization procedures Such that it 
may be used within a Sterile Surgical field. 
0007. The package antenna may be adapted for capacitive 
coupling or direct electrical coupling to the IMD antenna. 
The package antenna may be provided in a variety of forms, 
including but not limited to a monopole, dipole, loop, 
microStrip patch, or slot antenna. In Some embodiments the 
package antenna is fixed relative to the packaging tray 
assembly, pouch, Overlay or other Substrate on which the 
package antenna is located. In other embodiments, the 
package antenna may be movable, for example, Such as a 
folding or telescoping antenna. The package antenna pro 
motes consistently efficient and reliable telemetry commu 
nication between an IMD and a programmer or monitor, 
regardless of the telemetry environment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a schematic diagram of an IMD system 
shown after implantation. 
0009 FIG. 2 illustrates typical components of the IMD 
shown in FIG. 1. 

0010 FIG. 3 is a simplified block diagram of major 
functional components typically included in an external 
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medical device embodied as a programmer or monitor, Such 
as the external medical device shown in FIG. 1. 

0.011 FIG. 4 is a schematic diagram of an IMD system 
shown prior to implantation including a package antenna in 
accordance with the present invention. 
0012 FIG. 5A is a schematic diagram illustrating capaci 
tive coupling between a package antenna and an IMDRF 
antenna. 

0013 FIG. 5B is a schematic diagram illustrating direct 
coupling between a package antenna and an IMD RF 
antenna. 

0.014 FIG. 6 is an illustration of one embodiment of a 
package antenna provided on a pouch in which an IMD may 
be placed when telemetry functions are required prior to 
IMD implantation or after explantation. 

0.015 FIG. 7 is an illustration of a package antenna 
manufactured as a part of a packaging tray assembly. 

0016 FIG. 8 is an illustration of a package antenna that 
has been fabricated on or applied to a Substrate that can be 
applied to a Surface of a packaging tray assembly. 

0017 FIG. 9 is an illustration of a package antenna 
provided in the form of a wire antenna that may be placed 
Within a packaging tray. 

0018 FIG. 10 is an illustration of an alternative embodi 
ment of a package antenna provided as a wire antenna that 
may be placed within a packaging tray. 

0.019 FIG. 11 is an illustration of a package antenna 
located on an antenna tray adapted for placement inside a 
packaging tray. 

0020 FIG. 12 is an illustration of an alternative embodi 
ment of an antenna tray used for carrying a package antenna. 
0021 FIG. 13 is an illustration of a package antenna 
provided on the Outer Surface of a packaging tray. 

0022 FIG. 14 is an illustration of an alternative embodi 
ment of a package antenna provided on the outer Surface of 
a packaging tray. 

0023 FIG. 15 is an illustration of a package antenna 
overlay. 

0024 FIG. 16 is an illustration of one example of a 
discontinuous package antenna. 
0025 FIG. 17 is an illustration of a microstrip patch 
package antenna manufactured on the Surface of a packaging 
tray assembly. 

0026 
0027 FIG. 19 is an illustration of one embodiment of a 
dipole package antenna. 

0028 FIG. 20 is an illustration of one embodiment of a 
loop package antenna. 

0029 FIG. 21A is an illustration of one embodiment of 
a folding package antenna. 

0030 FIG. 21B is an illustration of the folding package 
antenna shown in FIG. 21A wherein a movable portion of 
the folding antenna is shown rotated relative to a hinge. 

FIG. 18 is an illustration of a slot package antenna. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0031. The present invention is directed toward providing 
a wireleSS communication System for use with medical 
devices which includes an antenna Structure for extending 
the effective length of a medical device antenna. The present 
invention may be practiced in conjunction with an external 
or implantable medical device System for improving the 
communication range and efficiency of a wireleSS commu 
nication transmission between the medical device and 
another medical device, a programmer or monitor. For 
exemplary illustration, the embodiments described herein 
relate to an implantable medical device System wherein an 
antenna Structure improves the reliability and efficiency of 
wireless communication prior to implantation of the IMD. 
0032 FIG. 1 is a schematic diagram of an IMD system 
shown after implantation. An IMD 10 is implanted in a 
patient 12 beneath the patient's skin or muscle and, in this 
example, is electrically coupled to the heart 16 of the patient 
12 through pace/sense electrodes and lead conductor(s) of 
one or more associated cardiac pacing leads 14 in a manner 
known in the art. IMD 10 is capable of telemetric commu 
nication with an external medical device (EMD) 20, typi 
cally embodied as a programmer or monitor. For exemplary 
illustration, IMD 10 is shown here as a programmable 
cardiac Stimulation device. However numerous types of 
IMDs exist with which the present invention may be prac 
ticed including implantable drug pumps, implantable neu 
romuscular Stimulators, physiological monitors, or other 
IMDS that are capable of performing telemetry communi 
cations with an EMD. 

0033 Programming commands or data are transmitted 
between an IMD RF telemetry antenna 28 and an external 
RF telemetry antenna 24 associated with the external pro 
grammer 20. In this case, it is not necessary that the external 
RF telemetry antenna 24 be contained in a programmer RF 
head So that it can be located close to the patient's skin 
overlying the IMD 10. Instead, the external RF telemetry 
antenna 24 can be located on the case of the external 
programmer 20, and the programmer 20 can be located Some 
distance away from the patient 12. For example, the external 
programmer 20 and external RF telemetry antenna 24 may 
be on a Stand a few meters or So away from the patient 12. 
0034. In an uplink telemetry transmission 22, the external 
RF telemetry antenna 24 operates as a telemetry receiver 
antenna, and the IMD RF telemetry antenna 28 operates as 
a telemetry transmitter antenna. Conversely, in a downlink 
telemetry transmission 26, the external RF telemetry 
antenna 24 operates as a telemetry transmitter antenna, and 
the IMD RF telemetry antenna 28 operates as a telemetry 
receiver antenna. Both RF telemetry antennas are coupled to 
transceiver circuitry including a transmitter and a receiver. 
0035) IMD RF telemetry antenna 28 is generally 
designed for efficient, reliable telemetry transmission in the 
implanted environment. IMD RF telemetry antenna 28 may 
be located within the hermetic IMD housing 11 containing 
the device circuitry, in or on a plastic header or connector 
block 18 used to interconnect the IMD 10 to electrical leads 
14, mounted to the IMD housing 11, or incorporated as a 
portion of one of the electrical leads 14, as generally 
described in the above-incorporated references. When 
located outside the IMD housing 11, IMD RF telemetry 
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antenna 28 is coupled to RF transceiver circuitry within the 
housing 11 of IMD 10 via an insulated, conductive feed 
through extending through the connector block 18. IMDRF 
telemetry antenna 28 is typically a monopole antenna having 
a length tuned to function optimally at the radio frequencies 
chosen for use in the telemetry System. 
0036 FIG. 2 illustrates typical components of IMD 10 
shown in FIG. 1. Major operative structures common to 
IMD 10 are represented in a generic format. IMD 10 
contains timing and control circuitry 72 and an operating 
System that may employ microprocessor 74 or a digital State 
machine for timing, Sensing and pacing functions in accor 
dance with a programmed operating mode. IMD 10 also 
contains therapy/monitor 70 which may include sense 
amplifiers for detecting cardiac Signals, patient activity 
Sensors or other physiologic Sensors for Sensing the need for 
cardiac output, and pulse generating output circuits for 
delivering pacing pulses to at least one chamber of heart 16 
(see FIG. 1) under control of the operating system in a 
manner well known in the prior art. 
0037. The operating system includes memory registers or 
RAM/ROM 76 for storing a variety of programmed-in 
operating mode and parameter values that are used by the 
operating system. The memory registers or RAM/ROM 76 
may also be used for Storing data compiled from Sensed 
physiologic activity and/or relating to device operating 
history for telemetry out on receipt of a retrieval or inter 
rogation instruction. All of these functions and operations 
are well known in the art, and many are generally employed 
to Store operating commands and data for controlling device 
operation and for later retrieval to diagnose device function 
or patient condition. 
0.038 Programming commands or data are received by or 
transmitted from telemetry circuitry 28 through IMD RF 
telemetry antenna 28. Telemetry circuitry 78 includes a 
transceiver having both a telemetry transmitter and telem 
etry receiver. The telemetry circuitry 28 in IMD 10 is 
coupled to control circuitry and registerS operated under the 
control of microcomputer 74. 
0039 FIG. 3 is a simplified block diagram of major 
functional components typically included in an EMD, Such 
as EMD 20 shown in FIG. 1. The external RF telemetry 
antenna 24 on EMD 20 is coupled to a telemetry transceiver 
86, which includes an antenna driver circuit board having a 
telemetry transmitter and telemetry receiver. The telemetry 
transmitter and telemetry receiver are coupled to control 
circuitry and registerS operated under the control of micro 
computer 80. 

0040 EMD 22 may be a personal computer type, micro 
processor-based device incorporating a central processing 
unit 80, which may be, for example, an Intel Pentium 
microprocessor or the like. A system bus interconnects CPU 
80 with a hard disk drive, Storing operational programs and 
data, and with a graphics circuit and an interface controller 
module. A floppy disk drive or a CD ROM drive may also 
be coupled to the bus and is accessible via a disk insertion 
slot within the housing of EMD 20. EMD 20 may include 
Solid-State memory for long-term Storage of data. 

0041. In order for the physician, patient, or other car 
egiver or authorized operator to interact with the EMD 20, 
a keyboard or other user interface input 26 coupled to CPU 
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80 is optionally provided. However the primary communi 
cations mode may be through graphics display Screen of the 
well-known "touch Sensitive” type controlled by a graphics 
circuit. A user of EMD 20 may interact therewith through the 
use of a Stylus, also coupled to a graphics circuit, which is 
used to point to various locations on Screen or display 24, 
which display menu choices for Selection by the user or an 
alphanumeric keyboard for entering text or numbers and 
other Symbols. Various touch-Screen assemblies are known 
and commercially available. 
0042 Display 24 and/or the user interface 26 allow a user 
to enter command Signals to initiate transmissions of down 
link or uplink telemetry and to initiate and control telemetry 
Sessions once a telemetry link with an implanted device has 
been established. Other types of user interaction mecha 
nisms and electronics may be implemented Such as voice 
recognition/response Systems. 
0043. Display screen 24 is also used to display patient 
related data, menu choices and data entry fields used in 
entering the data or messages alerting a patient or user to 
pertinent programming or monitoring conditions. Display 
Screen 24 also displays a variety of Screens of telemetered 
out data or real time data. Display Screen 24 may also 
display uplinked event Signals as they are received and 
thereby Serve as a means for enabling the user to timely 
review IMD operating history and status. 
0044 EMD 20 may also include an interface module, 
which includes a digital circuit, non-isolated analog circuit, 
and/or isolated analog circuit for coupling peripheral or 
accessory devices or instruments to EMD 20. The digital 
circuit enables the interface module to communicate with 
the interface controller module. For example, EMD 20 may 
be provided with a Strip chart printer or the like coupled to 
interface controller module So that a hard copy of a physi 
ological Signals or graphics displayed on the display Screen 
can be generated. EMD 20 may be embodied or include 
features as generally disclosed in U.S. Pat. No. 5,345,362 
issued to Winkler, which is incorporated herein by reference 
in its entirety. 
004.5 FIG. 4 is a schematic diagram of an IMD system 
shown prior to implantation. Prior to implantation, IMD 10 
may remain contained within a packaging tray 40, which is 
typically sterilized with IMD 10 inside such that it may be 
“dropped' into a sterile operating environment from non 
Sterile outer packaging material. EMD 20 may be located 
Some distance away, for example a few meters, within the 
Surgical theater. 
0046. In accordance with the present invention, a pack 
age antenna 30 is provided Such that it may be coupled to 
IMD RF antenna 28 prior to IMD 10 implantation to allow 
efficient telemetry communication between IMD 10 and 
EMD 20. As will be described in greater detail below, 
package antenna 30 may be located on packaging tray 40 or 
an associated tray lid or on a separate pouch or overlay. The 
term "package antenna' is used herein to refer to an antenna 
used to effectively extend the length of an IMD antenna 
when the IMD not implanted in a patient's body. It is 
expected that, for convenience, Such an antenna will typi 
cally be included in a package containing a sterilized IMD 
and is therefore referred to herein as a "package antenna.” 
However, the use of this term is not intended to exclude 
antenna structures that are to be used with an IMD prior to 
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implantation or after explantation and are packaged or 
provided separately from the IMD with which it will be 
used. 

0047 One end 32 of package antenna 30 is adapted to be 
coupled to IMD RF antenna 28, either directly or capaci 
tively. Downlink telemetry link 22 and uplink telemetry link 
26 may then be established between EMD RF antenna 24 
and package antenna 30, which transmits the RF signals 
to/from IMD RF antenna 28. IMD RF antenna 28 thus acts 
as a transmission line when coupled to package antenna 30 
during telemetry Sessions performed prior to IMD implan 
tation (or after explantation). 
0.048 Package antenna 30 is fabricated from any appro 
priate conductive material that is Selected to withstand 
sterilization methods used to sterilize IMD 10. The conduc 
tive material used to fabricate package antenna 30 may be in 
the form of a conductive wire, tape, ink, foil, film, or 
adhesive. Package antenna 30 is designed to provide a 
Significant increase in antenna gain, increase in power 
efficiency, and improved telemetry link performance prior to 
implantation of IMD 10. Outside of the implanted environ 
ment, the IMDRF antenna 28 has small electrical length and 
acts as a transmission line instead of an efficient antenna. 

0049 Package antenna 30 is provided with a length 
proportional to the wavelength of the RF frequency chosen 
for use in the telemetry System So that it functions as an 
efficient antenna prior to implantation of IMD 10. In one 
embodiment, package antenna 30 is provided with an elec 
trical length greater than or equal to one-fourth the RF 
transmission wavelength. IMD RF antenna 28, when 
coupled to package antenna 30, functions as a transmission 
line to transfer energy received/transmitted by package 
antenna 30 to/from telemetry circuitry enclosed in IMD 10. 
0050 Package antenna 30 may be provided as a continu 
ous structure as shown in FIG. 4. Alternatively, package 
antenna 30 may be provided as two or more physically 
discontinuous Structures located relative to each other Such 
that capacitive coupling is established between each physi 
cally discontinuous portion to allow continuous RF energy 
transmission along the length of package antenna 30. 
0051 FIG. 5A is a schematic diagram illustrating capaci 
tive coupling between package antenna 30 and IMD RF 
antenna 28. In Some embodiments of the present invention, 
package antenna 30 is adapted for capacitive coupling to 
IMD RF antenna 28. Capacitive coupling is achieved by 
positioning coupling end 32 of package antenna 30 in close 
proximity to IMD RF antenna 28. The optimal coupling 
distance will depend on the application frequencies. In one 
embodiment, in which frequencies ranging from about 401 
MHz to about 406 MHz are used, the capacitive coupling 
distance between coupling end 32 and the IMD RF antenna 
28 should be approximately 2 mm or less. However, less 
efficient coupling can be achieved at greater distances if a 
decrease in antenna gain is desired within the wireleSS 
communication System. 
0.052 The dimensions and configuration of coupling end 
32 will be based on the size of IMD 10, the IMDRF antenna 
28 configuration, and the desired transmission efficiency 
provided by package antenna 30. Coupling end 32 is shown 
here as having a generally circular shape of a particular size 
relative to IMD 10 but is illustrative of only one possible 
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configuration for establishing capacitive coupling between 
end 32 and IMD RF antenna 28. Numerous coupling end 
configurations will be possible for use with various IMD 
wireleSS communication Systems. 
0053 Package antenna 30 may be mounted or printed on 
a Substrate 36, which may be a portion of a packaging tray 
or tray lid, pouch or overlay. Upon placing IMD 10 into a 
packaging tray or pouch or placing a tray lid or other overlay 
over IMD 10, package antenna 30 is located within some 
maximum effective distance from IMD RF antenna 28 that 
establishes capacitive coupling between package antenna 30 
and IMDRF antenna 28 as represented by dashed arrow 37. 
IMDRF antenna 28 is shown located in connector block 18. 
AS Such, a feed-through 27 is provided to establish connec 
tion to transceiver circuitry enclosed in IMD 10. Package 
antenna 30 is removed from the telemetry system upon IMD 
implantation by simply removing IMD 10 from the pack 
aging tray, pouch, overlay or other Substrate 36 on which 
package antenna 30 is located. 
0054 FIG. 5B is a schematic diagram illustrating direct 
coupling between package antenna 30 and IMDRF antenna 
28. In Some embodiments package antenna 30 is adapted for 
direct coupling to IMD RF antenna 28 by providing an 
insulated conductor 38 extending through an opening 39 of 
connector block 18. One end of insulated conductor 38 is 
electrically coupled to package antenna 30 at or near end 32. 
Insulated conductor 38 is electrically coupled at its other end 
to IMDRF antenna 28. Alternatively, insulated conductor 38 
may be electrically coupled to feed-through 27 or may even 
be directly coupled via a dedicated feed-through to trans 
ceiver circuitry contained in IMD 10. Upon implantation, 
package antenna 30 is removed from the telemetry System 
by disconnecting insulated conductor 38. In order to protect 
the integrity of IMD 10 circuitry from the ingress of bodily 
fluids, opening 39 would be sealed prior to implantation 
using an appropriately sized plug or a biomedical grade 
Sealant Such as Silicone glue. 
0055 FIG. 6 is an illustration of one embodiment of a 
package antenna wherein package antenna 30 is located on 
a pouch 100 in which IMD 10 may be placed when telemetry 
functions are required prior to implant or after explant. 
Pouch 100 will typically be formed from a plastic, non 
conductive material that preferably withstands Sterilization 
methods used to sterilize IMD 10. Pouch 100 may then be 
used within a Sterile Surgical field. Package antenna 30 is 
located on pouch 100 and may be a conductive foil or film 
laminated or adhered to pouch 100, a conductive ink printed 
onto pouch 100, or a conductive tape or adhesive adhered to 
pouch 100. Pouch 100 may be packaged with IMD 10 or 
provided as a separate item available for use during telem 
etry operations prior to IMD implantation. 
0056. If telemetry operations are needed outside the 
implanted environment, IMD 10 may be inserted into pouch 
100 as indicated by arrow 102. Package antenna 30 is shown 
as a monopole antenna wherein one end 32 is positioned on 
pouch 100 such that is will be located in close proximity to 
IMD RF antenna 28 when IMD 10 is fully inserted into 
pouch 100 thereby establishing a capacitive coupling 
between end 32 and IMD RF antenna 28. 

0057 FIGS. 7 through 14 are illustrations of various 
embodiments of a package antenna wherein the package 
antenna is manufactured as part of packaging tray assembly 
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in which the IMD is packaged. In FIG. 7, a packaging tray 
assembly 8 is shown including a packaging tray 40 and a 
tray lid 42. Packaging tray assembly 8 is fabricated through 
thermoforming, injection molding or other appropriate pro 
cessing of a material that withstands Sterilization procedures 
used to sterilize an IMD 10 contained therein. Packaging 
tray 40 and tray lid 42 are commonly fabricated from 
high-density polyethylene. Packaging tray 40 includes a tray 
Seal area 41 that becomes Sealed to tray lid 42 during 
packaging procedures. 

0.058 Packaging tray 40 includes an inner Surface 45 and 
an outer Surface 47 and is formed to provide various cavities 
and recesses in which to place IMD 10 and any other 
accessories or tools packaged with IMD 10 for use during 
implantation of IMD 10. Specifically, packaging tray 40 
includes an IMD cavity 43 in which IMD 10 is laid during 
a packaging procedure. IMD cavity 43 is typically formed to 
match and Substantially mate with the contours of the IMD 
housing 11 and connector block 18 such that IMD 10 is 
maintained in a stable position during Shipping and han 
dling. 

0059. During a packaging procedure, IMD 10 and any 
other accessories are placed in the appropriate cavities of 
packaging tray 40, after which tray lid 42 is placed over tray 
40 and sealed to sealing area 41. Tray 40 may then be 
Sterilized and placed in any desired outer packaging. 

0060. In the embodiment shown in FIG. 7, package 
antenna 30 is located on tray lid 42 and is a monopole 
antenna having coupling end 32 positioned So as to establish 
capacitive coupling to IMDRF antenna 28 when tray lid 42 
is placed over tray 40 containing IMD 10. Package antenna 
30 may be located on either the outer surface 44 or inner 
surface 46 of tray lid 42. 
0061 The inner surface 46 of tray lid 42 may be coated 
with adhesive for sealing lid 42 to tray 40. Package antenna 
30 may be applied to inner Surface 46 as a foil, film, tape, 
or ink prior to adhesive application to inner Surface 46. 
Alternatively, package antenna 30 may be printed onto inner 
Surface 46 using a conductive ink after applying the adhe 
Sive. In yet another embodiment, package antenna 30 may 
be printed onto inner Surface 46 or tray Sealing area 41 using 
a conductive adhesive that also serves to Seal tray lid 42 to 
packaging tray 40. 

0.062 Package antenna 30 may be continuous as shown in 
FIG. 7 but could also be provided as a discontinuous 
antenna having portions on either or both inner and outer 
Surfaces 46 and 44. For example, a portion of package 
antenna 30 may be located on the outer surface 44 with 
another portion located on inner Surface 46. The outer 
Surface portion and inner Surface portion would be located 
relative to one another to establish capacitive coupling 
between the two portions creating a continuous antenna for 
energy transmission. 

0.063 FIG. 8 is an illustration of a package antenna 30 
that has been fabricated on or applied to a substrate 50. 
Substrate 50 may then be applied to tray lid 42 using an 
appropriate method Such as application of an adhesive, 
lamination, or other processing in order to fixedly attach 
substrate 50 to tray lid 42. Substrate 50 could be applied to 
either the inner or outer surface of tray lid 42. Substrate 50 
is positioned on lid 42 such that end 32 of antenna 30 will 
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be located near and capacitively coupled to an IMD RF 
antenna once tray lid 42 is placed over an associated 
packaging tray containing an IMD as described above. 

0064 FIG. 9 is an illustration of a package antenna 30 
provided in the form of a wire antenna that may be placed 
within packaging tray 40. Packaging tray 40 may be formed 
with a receSS 54 sized for receiving package antenna 30. In 
this example, receSS 54 is formed in the tray Seal area 41, 
which becomes sealed to a tray lid after placing an IMD into 
IMD cavity 43 and package antenna 30 into recess 54. At 
end 32, package antenna 30 is provided with a coupling 
member 52, which may be formed from a conductive tape, 
foil or film. Coupling member 52 is positioned within 
packaging tray 40 such that after an IMD is placed in tray 42 
the coupling member 52 is located near the IMD RF 
antenna, and a capacitive coupling between package antenna 
30 and the IMD RF antenna is established. In the particular 
configuration shown in FIG. 9, a portion 58 of package 
antenna 30 near end 32 extends through a groove 56 
provided on packaging tray 40 Such that coupling member 
52 will rest in a cavity 60 that will be adjacent to the 
connector block of an IMD placed in IMD cavity 43. 
Coupling member 52 will thus be positioned close to an 
IMDRF antenna located in the connector block and thereby 
establish capacitive coupling between package antenna 30 
and the IMD RF antenna. 

0065 FIG. 10 is an illustration of an alternative embodi 
ment of a package antenna 30 provided as a wire antenna 
that may be placed within a packaging tray 40. Package 
antenna 30 may be placed within packaging tray 40 Such that 
antenna 30 rests along the outer periphery 62 of the inner 
surface 45 of tray 40. An antenna recess 64 may be formed 
along the periphery 62 of the inner tray surface 45 for 
receiving package antenna 30 and preventing it from shifting 
during Shipping and handling. 

0066 Package antenna 30 is provided with coupling 
member 52 at antenna end 32 for establishing capacitive 
coupling with an IMD RF antenna after the IMD is placed 
in IMD cavity 43 and package antenna 30 is placed in 
antenna receSS 64. Coupling member 52 may rest in cavity 
60 of tray 40 such that it is close enough to the IMDRF 
antenna to establish capacitive coupling. Coupling member 
52 may be formed from conductive tape, foil or film and may 
be adhered to at least a portion of the inner Surface of cavity 
60 such that coupling member 52 is held in a stable position 
with respect to an IMD placed in tray 40. 

0067 FIG. 11 is an illustration of a package antenna 30 
located on an antenna tray 70 adapted for placement inside 
a packaging tray 40. In accordance with the present inven 
tion, a packaging tray assembly including a packaging tray 
40 and tray lid (see FIG. 7), may further include antenna 
tray 70 for accommodating a package antenna. Antenna tray 
70 may be fabricated using similar methods used for fabri 
cation of packaging tray 40 Such as thermoforming or 
injection molding. Antenna tray 70 can be formed from the 
Same material as packaging tray 70 or any Suitable material 
that can withstand Sterilization procedures used for Steriliz 
ing an IMD to be contained in packaging tray 40. Package 
antenna 30 is contained by, or attached to, antenna tray 70. 
Package antenna 30 may be a wire antenna placed in a receSS 
provided on antenna tray 70 or formed from conductive tape, 
ink, foil or film applied to antenna tray 70. 
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0068. During packaging procedures, an IMD is placed in 
an IMD cavity 72 formed in antenna tray 70 to approxi 
mately match the contours of the IMD. Package antenna 30 
is provided with coupling member 52 at end 32 that will be 
located in close proximity to the IMD RF antenna once the 
IMD is laid in antenna tray 70. Antenna tray 70 is then laid 
in packaging tray 40 as indicated by arrow 74. A tray lid may 
then be laid over and Sealed to packaging tray 40 along 
Sealing area 41 as described previously. Package antenna 30 
is thus maintained in a stable position relative to the IMD 
contained in antenna tray 70 to allow efficient, reliable 
telemetry transmission as long as the IMD is remains in 
antenna tray 70. 

0069 FIG. 12 is an illustration of an alternative embodi 
ment of an antenna tray 80 used for carrying a package 
antenna 30. In this embodiment, package antenna 30 is 
contained in or stably attached to antenna tray 80, as 
described above, however antenna tray 80 is sized and 
formed Such that packaging tray 40 may be placed into 
antenna tray 80. During a packaging procedure, an IMD is 
laid into IMD cavity 43 formed in packaging tray 40. 
Packaging tray 40 may then be sealed shut using a tray lid 
as described previously. Packaging tray 40 is then placed 
into packaging tray cavity 82 formed in antenna tray 80 as 
indicated by arrow 84. As a result, coupling member 52 
provided at end 32 of package antenna 30 is located within 
range of the IMD RF antenna for establishing capacitive 
coupling. The antenna tray 80, containing packaging tray 40, 
may then be sealed closed with an associated lid if desired 
and placed in any desired outer packaging materials. 

0070 FIG. 13 is an illustration of a package antenna 30 
provided on the outer Surface 47 of a packaging tray 40. 
Package antenna 30 is shown applied to the Vertical outer 
surface of the perimeter of IMD cavity 43. Package antenna 
end 32 is located such that capacitive coupling to an IMDRF 
antenna will be established when the IMD is placed in IMD 
cavity 43. 

0071 FIG. 14 is an illustration of an alternative embodi 
ment of a package antenna 30 provided on the Outer Surface 
47 of packaging tray 40. In this example, antenna 30 is 
located along the outer surface of a flange 90 that forms, on 
its inner Surface, Sealing area 41 for interfacing with a tray 
lid. Package antenna 30 is provided with coupling member 
52 at end 32. Coupling member 52 is located on the outer 
surface 47 of IMD cavity 43 such that when an IMD is 
placed in cavity 43 capacitive coupling between member 52 
and the IMD RF antenna is established. 

0072. As can be seen by the illustrations shown in FIGS. 
7 through 14, numerous variations may be conceived for 
manufacturing a package antenna as a part of a packaging 
tray assembly used for containing the IMD during Steriliza 
tion, Shipping and handling. AS shown by the above 
examples, a package antenna may be printed or attached to 
the inner or outer Surfaces of a packaging tray or the 
asSociated tray lid or provided on an additional antenna tray. 
A variety of Shapes and sizes of packaging trays will exist 
for use with different types of IMDS produced by different 
manufacturers. AS Such, numerous possible configurations 
will exist which enable a package antenna manufactured as 
a part of a packaging tray assembly to effectively extend the 
length of an IMD RF antenna as long as the IMD is 
contained in the packaging assembly. The telemetry System 
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is improved for use outside the implanted environment by 
taking advantage of the additional Space available for an 
antenna in or on the packaging material. 
0073. A package antenna may alternatively be provided 
as a Separate, portable device. One example of a separate 
portable package antenna was described previously in con 
junction with FIG. 6 wherein a package antenna is fabri 
cated as part of a pouch in which an IMD may be placed. A 
Separate, portable package antenna may alternatively be 
fabricated as part of an overlay that may be positioned over 
a non-implanted IMD to couple the package antenna to the 
IMD RF antenna. 

0074 FIG. 15 is an illustration of a package antenna 
overlay 110. Overlay 110 includes a substrate 112 and 
package antenna 30 fabricated onto or attached to Substrate 
112. Substrate 112 may be formed as a flat sheet in a simple 
embodiment and may be provided with markings or other 
indicators for guiding the alignment of overlay 110 relative 
to IMD 10 such that package antenna end 32 becomes 
capacitively coupled to IMD RF antenna 28. In alternative 
embodiments, substrate 112 may be formed in a contoured 
two-dimensional or three-dimensional shape that matches at 
least a portion of the contours of IMD 10 in order to promote 
proper positioning of overlay 110 relative to IMD 10. 

0075 Package antenna 30 may be fabricated from con 
ductive wire, film, foil, ink, tape or other conductive mate 
rial and placed on Substrate 112 by lamination, printing, 
adhesion or other appropriate manufacturing methods. Over 
lay 110 may be packaged with an IMD or separately. 
Overlay 110 preferably withstands sterilization methods 
such that overlay 110 may be used within a sterile surgical 
field. 

0076. In the various examples shown above, package 
antenna 30 is illustrated as a continuous, monopole antenna 
having one end coupled to the IMD RF antenna. In alter 
native embodiments, a package antenna may be embodied as 
a discontinuous antenna, a microStrip patch antenna, a Slot 
antenna, a dipole antenna, a loop antenna, or any other 
antenna configurations known for use in transmitting and 
receiving wireleSS communication Signals. 
0.077 FIG. 16 is an illustration of one example of a 
discontinuous package antenna. A discontinuous package 
antenna may have portions fabricated onto different ele 
ments or Surfaces of a packaging assembly, an overlay 
and/or a pouch. In the example shown in FIG. 16, a package 
antenna is formed by portions 120a, 120b and 120c located, 
respectively, on tray lid 42, Sealing area 41 of packaging tray 
40, and outer Surface 47 of packaging tray 40. After placing 
IMD 10 in IMD cavity 43 and sealing tray lid 42 to 
packaging tray 40, portion 120a will be capacitively coupled 
at end 122 to IMD RF antenna 28. Portion 120a will be 
capacitively coupled at end 124 to end 126 of portion 120b. 
Likewise, portion 120b will be capacitively coupled at end 
128 to end 130 of portion 120c. 
0078 While discontinuous package antennas will be 
functional in an IMD telemetry System, discontinuous anten 
nas will generally be less efficient than continuous antennas. 
However, depending on the packaging materials available or 
other design considerations, other advantages or reasons 
may exist for providing a discontinuous package antenna. 
For example, a discontinuous antenna may be desirable in 
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order to extend the package antenna length by applying 
portions of the discontinuous package antenna to different 
Substrates within a packaging assembly. 
007.9 FIG. 17 is an illustration of a microstrip patch 
antenna that may be embodied as a package antenna. A 
microStrip patch package antenna 130 may be formed on a 
packaging tray lid 42 by printing, gluing or otherwise 
adhering a conductive material onto tray lid 42 leaving no 
open areas or Voids. When tray lid 42 is Sealed to packaging 
tray 40 containing an IMD in IMD cavity 43, microstrip 
patch package antenna 130 will be capacitively coupled to 
the IMDRF antenna. In alternative embodiments, a micros 
trip patch package antenna may be formed on another 
Surface of a packaging tray assembly, on a Substrate material 
applied to tray lid 42 or packaging tray 40 or on an overlay 
or pouch. 

0080 A microstrip patch antenna generally includes a 
conducting patch positioned above a ground plane. A pack 
age antenna embodied as a microStrip patch as shown in 
FIG. 17 may utilize a metal Surgical table as the ground 
plane. The microStrip patch package antenna 130 will be 
coupled to the IMD RF antenna, and the IMD housing will 
be coupled to the Surgical table acting as the ground plane. 

0.081 FIG. 18 is an illustration of a slot package antenna. 
In this embodiment, tray lid 42 is printed with a conductive 
material leaving a slot-shaped Void 142 to form slot package 
antenna 140. A slot package antenna may alternatively be 
provided on another Surface of a packaging tray assembly, a 
pouch, an overlay, or a Substrate to be adhered to a pack 
aging tray Surface. 

0082 FIG. 19 is an illustration of one embodiment of a 
dipole package antenna. A dipole package antenna is formed 
of two portions 150a and 150b. A first portion 150a of the 
dipole package antenna is shown to be located on Sealing 
area 41 of packaging tray 40. A coupling member 152 is 
provided at end 151 for coupling to IMD RF antenna 28 
when IMD 10 is placed in IMD cavity 43. Portion 150a may 
be located on the inner Surface 45 or outer surface 47 of tray 
40. 

0.083. A second portion 150b of the dipole package 
antenna is shown located on tray lid 42. Portion 150b may 
be located on either the inner Surface 46 or outer Surface 44 
of lid 42. Portion 150b includes a coupling member 154 at 
end 155 for capacitive coupling to IMD housing 11 when 
IMD 10 is placed in IMD cavity 43 and tray lid 42 is placed 
over packaging tray 40. Thus a dipole package antenna is 
formed by portions 150a and 150b wherein portion 150a is 
coupled to IMD RF antenna at end 151 and forms one 
antenna pole at end 153. Portion 150b is coupled to IMD 
housing 11 (can), which serves as a ground, at end 155 and 
forms a second pole at end 156. In other embodiments, a 
dipole package antenna may be formed on a packaging tray 
assembly, a pouch or an overlay or any combination of these 
wherein one pole is located on one Surface and the Second 
pole is located on the same or a different Surface Some 
distance from the first pole. 
0084 FIG. 20 is an illustration of one embodiment of a 
loop package antenna. A loop package antenna 160 is shown 
located on packaging tray 40. A coupling member 164 is 
provided at coupling end 162 for coupling to the RF antenna 
of an IMD when it is placed in IMD cavity 43. A second 
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coupling member 168 is provided at end 166 for coupling to 
the IMD housing, which Serves as a ground. Loop package 
antenna 160 may be located on the inner surface 45 or outer 
Surface 47 of packaging tray 40. In other embodiments, a 
loop package antenna may be located on another Surface of 
a packaging assembly, a pouch, or an Overlay. 

0085 FIG. 21A is an illustration of one embodiment of 
a folding package antenna. In the various embodiments of 
monopole and dipole package antennas described above, the 
package antenna is printed or attached to a Selected Surface 
or Substrate and is immovable with respect to that Surface. 
A package antenna may alternatively be provided as a 
movable antenna wherein the end that is coupled to an IMD 
antenna or ground remains at a fixed location and the other 
end, which forms a pole, is movable relative to the coupled 
end. For example, a movable monopole antenna may be 
provided as a folding antenna 170 as shown in FIG. 21A. 
Folding antenna 170 includes an immovable portion 172 and 
a movable portion 176 joined by a hinge 175. Immovable 
portion 172 is provided with a coupling member 174 at 
coupling end 173. Immovable portion 172 is located on the 
inner surface 45 of tray 40 such that coupling member 174 
can be capacitively or directly coupled to an IMD RF 
antenna when the IMD is placed in IMD cavity 43. 
0.086 Movable portion 176 extends from hinge 175 along 
inner Surface 45 of packaging tray 40 forming a pole at end 
178. When a telemetry operation is required, movable por 
tion 176 may be rotated on hinge 175 as needed to adjust the 
spatial location of pole end 178 in order to establish and 
maintain good Signal Strength. An associated tray lid would 
be removed to allow movement of movable portion 176, but 
the packaged IMD would remain in IMD cavity 43. 
0087 FIG. 21B is an illustration of folding package 
antenna 170 with movable portion 178 rotated in a direction 
indicated by arrow 180 to an approximately vertical position 
relative to immovable portion 172. The movable portion 178 
of antenna 170 is shown to rotate on hinge 175 in a plane 
approximately vertical to the plane of immovable portion 
172. A hinge or other mechanism provided to allow rotation 
of a movable portion of a folding antenna about the hinge 
may be configured to allow rotation of the movable portion 
in the same or a different plane than the plane of the 
immovable portion. Other mechanisms may be substituted 
for hinge 172 to allow movement of movable portion 176. 
For example, a movable antenna may be provided as a 
telescoping antenna. 
0088. In other embodiments of a movable package 
antenna, the antenna may be located on a tray lid or other 
portion of a packaging assembly, on a pouch or overlay. A 
movable package antenna may be discontinuous Such that an 
immovable portion and a movable portion are not physically 
connected but are capacitively coupled So as to provide 
continuous energy transmission. A discontinuous movable 
package antenna would allow an immovable portion coupled 
to the IMD antenna to be located, for example on an inner 
Surface of a packaging assembly containing the IMD and the 
movable portion to be located on an outer Surface of a 
packaging assembly or on an accessory pouch or overlay to 
allow movement of the movable portion without opening the 
packaging assembly. 

0089. A wireless communication system that includes a 
package antenna has thus been described which promotes 
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efficient and reliable telemetry communication between an 
IMD and a programmer or monitor when the IMD is outside 
the implanted environment. Detailed descriptions provided 
herein are intended to be illustrative of methods for prac 
ticing the present invention. It is recognized that numerous 
variations of a package antenna for use with either implant 
able or external medical devices may be conceived by one 
having skill in the art and the benefit of the teachings 
provided herein. The various embodiments presented herein 
should, therefore, be considered exemplary, not limiting, 
with regard to the following claims. 
What is claimed is: 

1. A wireleSS communication System, comprising: 
a programmer, 

a medical device, and 
an antenna Structure in proximity to the medical device; 
Said programmer enabled to wirelessly communicate with 

Said medical device via Said antenna Structure. 
2. The wireleSS communication System of claim 1 wherein 

the antenna Structure is adapted to be capacitively coupled to 
the medical device. 

3. The wireless communication system of claim 1 wherein 
the antenna Structure is adapted to be directly coupled to the 
medical device. 

4. The wireleSS communication System of claim 1 wherein 
the antenna Structure includes a configuration to extend the 
range of communication between the medical device and the 
programmer. 

5. The wireless communication system of claim 1 wherein 
the antenna Structure includes an antenna Selected from the 
group of a monopole antenna, a dipole antenna, a microStrip 
patch antenna, a slot antenna, and a loop antenna. 

6. The wireleSS communication System of claim 1, 
wherein the antenna Structure includes a Substrate adapted 
for cradling the medical device. 

7. A wireleSS communication architecture, comprising: 
a medical device, 
an antenna Structure; and 
a Substrate for placement of the antenna Structure; 
Said medical device being in communication with Said 

antenna Structure. 
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8. The communication architecture of claim 7 wherein the 
antenna Structure includes a first end fixedly attached to the 
Substrate and adapted for communication with the medical 
device and a Second end movable relative to the first end. 

9. The communication architecture of claim 8 wherein the 
antenna Structure is a folding antenna. 

10. The communication architecture of claim 8 wherein 
the antenna Structure is a telescoping antenna. 

11. The communication architecture of claim 7 wherein 
the antenna Structure includes a plurality of physically 
discontinuous portions on at least one of the Substrate 
Surfaces. 

12. The communication architecture of claim 7 wherein 
the Substrate forms a part of a packaging tray assembly. 

13. A packaging tray assembly, comprising: 
a package tray adapted to contain a medical device; 
a package tray lid adapted to be sealed to the package tray; 

and 

an antenna Structure implemented on a Surface of one of 
the package tray and package tray lid. 

14. A packaging tray assembly, comprising: 

a first tray adapted to contain a medical device, 
a package tray adapted to contain the first tray; and 
an antenna Structure on a Surface of the first tray. 
15. A packaging tray assembly, comprising: 

a package tray adapted to contain a medical device; 
an antenna tray adapted to contain the package tray; and 

an antenna Structure on a Surface of the antenna tray. 
16. A wireleSS communication System, comprising: 
means for extending the range of communication between 

a medical device and a programmer; 
means for positioning the extending means relative to the 

medical device; and 

means for communicating information between the medi 
cal device and the programmer via the extending 
CS. 


